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Substantial declines in infant and under-5 mortality have taken place in recent years in many countries in Sub-Saharan Africa. Kenya's infant mortality rate has fallen by 7.6 percent per year, the fastest rate of decline among the 20 countries in the region for which recent Demographic and Health Survey data is available. Kenya's rate of postneonatal deaths per 1,000 live births fell by more than half over a five-year period, dropping from 47 to 22, as measured using data from the 2003 and 2008-09 Demographic and Health Surveys. Among the possible causes of the decline are various targeted new public health initiatives and improved access to water and sanitation. A Oaxaca-Blinder decomposition using Demographic and Health Survey data shows that This paper is a product of the Poverty Reduction and Economic Management Unit, Africa Region. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at gdemombynes@worldbank.org. the increased ownership of insecticide-treated bednets in endemic malaria zones explains 39 percent of the decline in postneonatal mortality and 58 percent of the decline in infant mortality. Changes in other observable candidate factors do not explain substantial portions of the decline. The portion of the decline not explained may be associated with generalized trends such as the overall improvement in living standards that has taken place with economic growth. The widespread ownership of insecticide-treated bednets in areas of Kenya where malaria is rare suggests that better targeting of insecticidetreated bednet provision programs could improve the cost-effectiveness of such programs.
Introduction
Infant and under-5 mortality has declined markedly in Sub-Saharan Africa during the last decade.
Among the 20 Sub-Saharan African countries that have conducted Demographic and Health Surveys (DHS) since 2005, 18 countries showed improvements in infant survival since the country's previous survey, and broad improvements have taken place in under-5 mortality as well. The Millennium Development Goal for under-5 mortality is a reduction of two-thirds over the 25 year period 1990-2015, which implies an annual rate of decline of 4.4 percent; twelve of the 20 recent DHS countries have rates of decline that exceed this rate. For infant mortality, Kenya stands out among the success stories, with an annual rate of decline of 7.6 percent, the highest among the 20 countries.
The gains in infant mortality are just one element of a wide set of improvements in human welfare in Kenya and many countries in Sub-Saharan Africa. In one review of these changes, Radelet (2010) argues that five fundamental changes have driven the broader turnaround in the -emerging African countries‖ that he profiles: 1) more democratic and accountable governments, 2) more sensible economic policies, 3) the end of the debt crisis and major changes in relationships with the international community, 4) new technologies that are creating new opportunities for business and political accountability, and 5) a new generation of policymakers, activists, and business leaders. Accompanying these changes has been a new push by governments and the international community to implement public health initiatives, including those advanced by the Gates Foundation, the Global Fund to Fight AIDS, Tuberculosis and Malaria, as well as other organizations.
Millions of dollars have been poured into these initiatives, many of which have been shown to be effective on a small scale in randomized controlled trials. However, given the challenges of governance and large-scale implementation in many countries, the effectiveness of such initiatives on a larger scale is uncertain. The fact that these initiatives were implemented at the same time that broader institutional changes were taking place makes it difficult to draw conclusions as to the source of particular outcomes.
This paper assesses the possible contribution of various factors to the decline of infant mortality in Kenya using a Oaxaca-Blinder decomposition analysis of changes in infant mortality as measured in Demographic and Health Surveys (DHS) conducted in 2003 and 2008 . Previous studies such as Rajaratnam et al (2010) have documented the recent declines in mortality of infants and older children, many studies have documented the effectiveness of insecticide-bednet nets (ITN) in preventing malaria (see Lengeler 2004 for a review), and various studies have tracked changes in child survival in response to particular interventions, generally in narrowly defined populations (e.g. Kleinschmidt et al. 2009 and Ndirangu et al. 2010 ). This paper makes several contributions. First, the Oaxaca-Blinder analysis allows for an analysis which simultaneously considers several possible drivers of the change observed over time. Second, the use of DHS data makes it possible to examine changes for Kenya as a whole. Third, the use of local malaria prevalence data makes it possible to allow for a varying impact of ITNs by malaria prevalence.
The paper is organized as follows. Section 2 of the paper describes patterns in infant mortality in Sub-Saharan Africa. Section 3 presents the changes in infant mortality and the possible set of drivers in Kenya along with an analysis of correlates of infant mortality. Section 4 focuses on the Oaxaca-Blinder analysis. Section 5 considers what these results imply about the costeffectiveness of bednet interventions, and Section 6 concludes.
The Infant Mortality Decline in Sub-Saharan Africa
A broad decline in infant mortality has occurred across Sub-Saharan Africa. Table 1 shows both infant (under age 1) and under-5 mortality for countries with recent Demographic and Health
Surveys. 1 The most recent DHS-based estimates indicate infant mortality to be below 100 per 1000 live births in all 20 countries for which post-2005 DHS data is available and to be falling in 18 of those 20 countries. This paper focuses on infant mortality, but similar trends are found for under-5 mortality. Among the 20 countries with recent DHS data, the surveys show average annual rates of decline of 3.6 percent in infant mortality (under age 1) and 4.2 percent in under-5
1 Data is shown for all countries in Sub-Saharan Africa which have had at least two DHS surveys, including at least one since 2005. Other estimates are available from other surveys as well as composite estimates from the United Nations Inter-agency Group on Child Mortality. We focus on the DHS estimates because they are more clearly comparable over time and across countries than estimates assembled from a mix of sources. mortality. A recent review of long-term trends in under-5 mortality synthesizing a wide variety of data (Rajaratnam et al 2010) A number of factors may have contributed to the broad decline in infant mortality across SubSaharan Africa. One prominent possibility is the decline in malaria prevalence which has coincided with the scaling up of the use of insecticide-treated bednets (ITN) and other antimalarial interventions, including indoor residual spraying, use of more effective artemisininbased drugs, and improved diagnostic capacity at health facilities. The decline in malaria in Kenya has been documented in a number of studies, including Okiro et al (2007) , Okiro et al (2009), and . Among the interventions which may have contributed to the decline in malaria, growth in ITN usage appears to be most substantial. 3 Several rigorous studies have shown that ITN usage prevents malaria transmission (Lengeler 2004) , and one longitudinal study (Fegan et al 2007) of 3500 Kenyan children under age five found that ITN usage was associated with a 44 percent drop in mortality risk. Noor, Mutheu, et al (2009) 2. A true cohort life table approach in which deaths to children under age 12 months of a specific cohort of births are divided by the number of births in that cohort. This procedure gives true probabilities of death, but has the drawback that all children in the cohort must have been born at least 12 months before the survey to be fully exposed to mortality, thus not taking into account the most recent experience. This requirement of full exposure becomes more limiting the higher the age segment of interest: For under-five mortality rates, only the information on children born five or more years before the survey can be utilized….
3. A synthetic cohort life table approach in which mortality probabilities for small age segments based on real cohort mortality experience are combined into the more common age segments.
The tabulations found in DHS reports use the third approach, which is appropriate for producing aggregate mortality rates and maximizing the use of available data. Using this approach, DHS publications present mortality rates calculated for the five years previous to the particular survey in question.
In The specific choice of time window for eligible births (12-35 months before the DHS interview)
was determined by a number of factors. The period must end 12 months before the survey date so that survival up through the age of one year can be determined for each observation. A time period extending more than 35 months would expand the size of the sample. However, some of the possible correlates for mortality-such as ITN ownership and water and sanitation accessare measured on the date of the survey. Consequently, the reliability of this information as a guide to the circumstances of the infant's first year of life declines as the window for observations is extended into the past. The 12-35 month window was chosen to balance the competing concerns of sample size and relevance of data observed on the date of the survey.
The analysis is restricted to infant mortality and does not examine the broader question of under- Table   3 . A particularly notable change was the growth in ITN ownership. The fraction of households owning at least one ITN increased from 8.3 percent to 60.4 percent nationally.
A change in ITN usage by children would be expected to have an effect on postneonatal mortality but little or no effect on neonatal mortality. This is because the incidence of severe malaria in newborns is low (Snow and Marsh 2002) . 5 The basic pattern of neonatal and 4 This analysis does not closely examine differences in infant mortality by sex of the child. Overall, infant mortality rates are higher for boys than for girls. The trends for boys and girls over time are similar: a large decline in postneonatal mortality but no change in neonatal mortality. 5 Snow and Marsh (2002) cite past research which suggests that newborns are less susceptible to malaria due to some combination of protection afforded by passively acquired maternal immunoglobulin G, the physiological protection offered through the continued presence of fetal haemoglobin, and riboflavin deficiency. ITN ownership could affect neonatal mortality via ITN usage by pregnant women. According to Snow and Marsh (2002) , malaria in pregnancy is associated with low birth weight, which increases both neonatal and postneonatal mortality.
postneonatal mortality across malaria zones reflects this phenomenon. 6 Table 2 It is important to recognize that the ITN measure used throughout this paper is household ownership of at least one ITN at the time of the DHS survey. This differs from actual usage of ITNs by individual children. Because information on ITN usage by deceased children is not available, it is not possible to use DHS data to examine the association between ITN usage and mortality. We thus take ITN ownership by the household is used as a proxy for ITN usage. ITN usage by children is highly correlated with the household's ownership of at least on net. In the sample, 82 percent of living children in households with at least one ITN slept under an ITN the night before the interview. Neonatal mortality patterns show few significant differences using bivariate comparisons.
Surprisingly, neonatal mortality rates are higher if the child was born in a health facility, and this difference is significant at the 1 percent level. This could reflect a causal effect, perhaps because of higher risk of infection due to exposure of the infant to patients in the facility. It is possible, however, that this represents at least in part a selection effect: women with higher risk pregnancies for which the newborn will face greater mortality risk may be more likely to seek birth in a health facility, and it is also possible that neonatal deaths are more likely to be reported if they take place within a facility. 8 With available data it is not possible to distinguish between these two hypotheses.
Next we analyze the correlates of postneonatal and infant mortality in a multivariate framework using a linear probability model. The dependent variable is a measure of mortality at the individual level, which takes value 1 if the child died during the postneonatal (or infant) period and value 0 if the child survived. Explanatory variables include variables measured at district, household, mother, and individual level. Most of the variables are measured at household level:
urban/rural location, province, location in malaria risk zone, ITN ownership, access to drinking water and sanitation, and socioeconomic status as measured by a wealth index. Antenatal care variables (intake of iron supplement, intake of anti-malarial drugs, tetanus vaccination) and mother's educational level are measured for the mother. 9 Whether the child was born in a health facility is measured at individual level. Because vaccination records are not available for deceased children, immunization is measured as the fraction of children with all vaccines at the 7 All differences described in this paragraph are statistically significant at the 5% level. 8 Reported neonatal mortality rates are also higher for births to women with tertiary education, although because there are few such births, the confidence interval is large and this difference is only significant at the 10 percent level. 9 The DHS data on antenatal care was collected for the last birth only. For a child who is not the last birth, its value was approximated by its last born sibling. Table 4 shows results from various specifications of these regressions for postneonatal mortality.
The first column shows the simplest specification, including only a year dummy and dummy variables by malaria risk zone, both alone and interacted with household ITN ownership.
Presence in a high malaria risk zone is associated with higher mortality, and presence in a high malaria risk zone combined with ITN ownership is associated with lower mortality. Column (2) includes a measure of immunization, using a district-level full vaccination rate; higher levels of immunization are not significantly associated with a difference in mortality rates. In column (3), whether the birth took place in a facility and the mother's use of three measures of antenatal care-antenatal protection against neonatal tetanus, antenatal anti-malarial drugs, and antenatal iron supplements-are included, and none of the resulting coefficients are significant. Column (4) adds in measures of the source of drinking water and access to sanitation of the household.
The use of an unimproved water source (as opposed to surface water) for drinking is associated with lower mortality, but the use of an improved water source shows no difference from surface water. Column (5) includes a measure of mother's education, and column (6) adds dummies for the wealth quintile of the household. Mortality rates show no difference by mother's education, and the patterns by quintile are counter to expectations: controlling for other variables, children of wealthier households have slightly higher mortality rates than those in the poorest quintile. It is important to note that these findings for education and household wealth are from a regressions which controls for many of the channels through which education and wealth are likely to affect mortality. In a simple bivariate comparison (not controlling for other variables),
there is a much lower postneonatal mortality risk for children of educated mothers, but no statistically significant difference by wealth.
Finally, the specification in column (7) includes a rural dummy as well as province dummies.
There is no significant difference between rural and urban areas, conditional on other explanatory variables. The patterns are consistent across specifications, with one exception:
access to improved sanitation is significantly associated with lower mortality in the full specification and not in shorter specifications.
We take the results from column (6), which excludes the rural and provincial variables, as the preferred specification. These results show that living in a high malaria risk zone is associated with a 6.2 percent point greater probability of postneonatal death, while ownership of an ITN in such an area is associated with a 3.8 percent point lower probability of death. They also show that use of an unimproved water source other than surface water for drinking and access to an improved sanitation facility are associated with drops of 2.8 and 2.6 percent point in mortality risk, respectively. Table 5 presents results from similar regressions for neonatal mortality. A set of specifications parallel to those used for postneonatal mortality is used. Findings are similar across specifications, and we again take the column (6) specification as the preferred specification.
None of the ITN ownership and malaria risk zone variables have statistically significant associations with neonatal mortality. The multivariate analysis shows the similar pattern for facility births seen in the bivariate comparison: neonatal mortality is 3 percent higher for births reported in a facility. As noted earlier, this could be a causal effect of facility births, a selection effect if problematic pregnancies are more likely to result in births in facilities, or possibly better reporting of neonatal deaths if they take place in facilities. The table also shows that controlling for other factors, children born to the small number of women with tertiary education have neonatal mortality rates which are 7 percent higher. This puzzling finding, however, is only statistically significant at the 10 percent level. Because only 4.3 percent of the observations in our sample have mothers with tertiary education, this result is particularly sensitive to reporting errors and biases. While we cannot determine conclusively from available data, it is possible that this finding reflects greater reporting of neonatal deaths among more educated women. Table 6 presents the results of the analysis for infant mortality, which is the sum of neonatal and postneonatal mortality, so that these results reflect a combination of the patterns seen in the analysis for postneonatal and neonatal mortality. Column (6) again shows the results from our preferred specification. The results for presence in a high malaria risk zone and ITN ownership are similar to those for postneonatal mortality alone: living in a high malaria risk zone is associated with a 7.6 percent point greater probability of death, while ownership of an ITN in such an area is associated with a 4.7 percent point lower probability of death. The infant mortality results also show that access to an improved sanitation facility is associated with a 5.5 percent point lower probability of infant death (as compared to no sanitation facility). The infant mortality results show a slightly higher-2.6 percent point-risk of death for an infant born in a facility.
Overall, these regression results point to three factors as candidates for explaining portions of the decline in infant mortality in Kenya: ITN ownership, improved sanitation facilities, and the use of water sources other than surface water. Other candidate factors, including immunization rates and antenatal care, are not significantly associated with improved probability of infant survival.
A Decomposition Analysis of the Decline in Infant Mortality in Kenya
In this section, we apply the Oaxaca-Blinder decomposition method to further examine possible drivers of the infant mortality decline in Kenya. The Oaxaca-Blinder approach, introduced by
Oaxaca ( categories are included in the decomposition and the contributions are expressed as deviations from the grand mean following the procedure suggested by Jann (2008) . The following analysis is based on the specifications shown in columns (6) of Tables 4, 5 , and 6, which do not include the rural or province dummies.
The decomposition results are shown in Table 7 . They suggest that 39 percent of the observed decline in postneonatal mortality, i.e. 9.7 out of a decline of 24.8 deaths per 1000 live births, can be explained statistically by the increase in ownership of ITNs in high malaria risk zones of Kenya. Changes in the remaining variables do not explain the decline in postneonatal mortality to a significant degree.
The separate decomposition analysis for infant mortality shows a similar result for ITN ownership in high malaria risk zones. The change in ITN ownership explains a drop of 12.1 deaths per 1000 live births out of the overall drop of 20.8, i.e. 58 percent of the overall decline.
Unlike the postneonatal results, the infant mortality results imply a mild role for improved sanitation. Increased access to improved sanitation explains 6 percent of the decrease (1.2 deaths per 1000 live births).
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Notably, the decomposition point estimate values also imply fairly substantial roles for changes in immunization rates, but the corresponding decomposition results are statistically insignificant.
This reflects the fact that although vaccination rates increased substantially, from 53.2 percent to 68.4 percent between the two surveys, the correlation between vaccination and child survival is imprecisely estimated in the cross-sectional regressions. This imprecision may be due to the fact that vaccination rates are measured at the district level and thus only imperfectly indicate the likelihood that a given child was vaccinated.
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We interpret these results with caution as evidence of a causal effect of ITNs. However, it is possible that the changes the decomposition attributes to the increase in ITN ownership in high malaria risk zones are actually due to other anti-malarial interventions that are correlated with 10 In the Oaxaca-Blinder decomposition, the explained part of the overall difference is a sum of positive and negative contributions of all explanatory variables. Thus, the sum of positive contributions alone adds up to more than 100 percent of the overall change. 11 Vaccination rates are measured this way becase vaccination status is not available for deceased children. HIV infection rates increased slightly. There were also efforts during this period to increase access to retroviral drugs for pregnant women and those with newborns. Unfortunately, data on access to these drugs is not available.
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Another factor which the analysis cannot adequately capture is the role of economic growth. The overall summary figures shown in Table 2 show that while there is no clear pattern of variation of neonatal mortality by wealth quintile, postneonatal mortality is generally lower in wealthier quintiles. This pattern for postneonatal mortality, however, does not hold in the regressions shown in Table 4 . Controlling for observed characteristics, the wealthiest three quintiles have slightly higher levels of postneonatal mortality. One possible interpretation of these results is that the overall lower postneonatal mortality rates among households in wealthier quintiles are due to the greater access that wealthier households have to factors captured in the analysis-ITN ownership, improved sanitation, improved water source, etc. The wealth index that can be constructed using DHS variables is only suitable for relative comparisons of wealth within a particular survey and is not suitable for analyzing absolute changes in wealth over time.
Consequently, we do not include a wealth measure in the decomposition index and cannot make definitive statements about the role of growth in wealth (or economic growth overall) in the decline of infant mortality.
Overall, we take these results as indicative evidence that the increased availability of ITNs in high malaria risk areas of Kenya is a major driver of the substantial decreases in postneonatal and infant mortality observed in Kenya between 2003 and 2008. (Hightower 2010) . The first distribution (1.4 million LLINs) was integrated with measles vaccination campaign; the second campaign (2 million LLINs) was conducted separately. Over time, there was a shift towards distribution of LLINs. Unlike traditional ITNs, LLINs do not need to be retreated with insecticides every 6 to 12 months. Furthermore, LLINs provide more -treated net years‖ than ITNs which leads to protection at lower annual costs in spite of LLINs' higher provision costs ITNs are expected to be larger on under-5 mortality than on infant mortality because the benefits will be found in both HMRZ and IMRZ and a wider age range of children will benefit.
A second reason that the cost effectiveness estimates presented here are lower bounds is that ITNs contribute to lower malaria morbidity and to some extent to lower child comorbidity from other diseases such as diarrhea and tuberculosis (Ashraf et al 2010) . 
Conclusions
Infant mortality has fallen substantially in many countries in Sub-Saharan Africa in recent years. It is also important to note that much of the overall change in mortality is not explained by the observable factors analyzed in this paper. For postneonatal mortality, which is the focus of the analysis, 48 percent of the observed change is not explained in the Oaxaca-Blinder decomposition. We highlight two sets of factors which may lie behind this unexplained change.
First, improvements in the quality of services and interventions included in our analysis are not captured in our data and thus not reflected in the decomposition. Second, the relatively high economic growth that took place during the last decade may have caused a generalized improvement in economic conditions that improved child survival.
The rapid decline in infant and under-5 mortality that has taken place in recent years in many countries in Sub-Saharan Africa is an important and largely unrecognized trend that merits further analysis to understand its underlying causes. This study presents some modest findings suggesting that it is likely that the rise in usage and ownership of ITNs played a role in the decline in infant mortality in Kenya, which constitutes a small part of the much broader phenomenon of the reduction in under-5 mortality across many countries. The broader story, and in particular the role of economic growth, could be better analyzed in a study similar to this one, but using data across many countries. That analysis remains as a project for future work.
Annex Data description and imputation procedures -DHS microdata
The data used in the analysis is from the Demographic and Health Surveys (DHS) conducted in 
Definitions of explanatory variables used in the analysis
Due to data unavailability on ITN usage for deceased children, we use a dummy variable on ITN ownership by the household at the time of the interview as a proxy of ITN usage by the child. A child is categorized as being born in a facility if it was born in a public or private health facility.
The DHS data on antenatal care was collected for the last birth only. For a child who is not the last birth, the value was approximated by its lastborn sibling. In our final sample (4668 observations The remaining control variables include dummy variables on mother's education (no education, primary, secondary, and tertiary education), wealth quintile (calculated by the DHS and included in the dataset), area of residence (rural and urban area), and province (Kenya has 8 provinces).
Data quality considerations
A number of data concerns can arise in child mortality data in the Demographic and Health percent and 41 percent respectively. This increase is the consequence of the large decline in the number of postneonatal deaths (which is the core topic of this paper) rather than a change in the misreporting of neonatal deaths.
An additional possible issue is heaping of reported deaths at 12 months or at 1 month. The data does exhibit a small amount of heaping at age 12 months, but not sufficient to substantially affect the analysis; the deaths reported at age 12 months account for only 6 percent of all infant deaths in the overall sample. Reported deaths by age in death at days do not show any evidence of heaping at 1 month (Table C.5 of the 2008 DHS report) . Nonetheless, to test for sensitivity to misreporting, we also ran the postneonatal analysis using an alternative definition, examining only deaths that took place during at age 2-12 months. These results (not shown) are similar to those for postneonatal mortality presented in the body of the paper.
Data description and imputation procedures -Malaria prevalence data
The data on malaria risk in the DHS clusters were kindly provided by the Malaria Atlas Project Based on a recommendation by Robert Snow from the Malaria Atlas Project, we created a categorical variable on malaria risk. Originally, 5 malaria risk zones were recommended: very low transmission hard to distinguish from zero (mean PfPR lower than 0.1%), low risk (mean PfPR higher than 0.1% and lower than 1%), intermediate low risk (mean PfPR between 1 and 4.9%), intermediate risk (mean PfPR between 5 and 39%), and high risk (mean PfPR higher than 40%). Intermediate risk of malaria is present particularly in the coastal region whereas high risk of malaria is characteristic for lakeside communities at the Lake Victoria. These two categories 18 There is evidence that malaria prevalence is in transition in Kenya. Particularly, a decrease in the malaria risk was denoted on Kenyan coast (Okiro 2007) . Thus, the measure might underestimate malaria risk on the coast in 2003. For other regions, time-trends in malaria are not so clear.
were united into high malaria risk zone (mean PfPR higher than 5%); the first and the second category were united into low malaria risk zone (mean PfPR lower than 1%); the third group is the intermediate malaria risk zone. In the final classification, there are three categories with similar observation shares in each category.
Analysis remark
All the analysis was conducted under consideration of the sampling design of the DHS survey, particularly of the weighting and clustering. However, an alteration was made to the stratum LLINs do not need to be retreated with insecticides every 6 to 12 months. Furthermore, LLINs provide more -treated net years‖ than ITNs which leads to protection at lower annual costs in spite of LLINs' higher provision costs . Over time, ITN delivery initiatives lead to lower costs and prices of bednets due to an increasing demand and competition in the ITN and LLIN market.
As shown in Table A1 , estimated costs per ITN vary significantly not only by country and by factors mentioned above. They vary as well depending on the methodology that is used for calculation of average unit costs, particularly on the type of costs considered. As a result, there are different estimates of cost per ITN delivered within the same campaign.
Guyatt and Snow (2002) Neonatal mortality refers to deaths before the age of 28 days. Postneonatal mortality refers to deaths at the age of 28 days or later and before reaching 12 months. Neonatal and postneonatal mortality rates sum to the infant mortality rate. These figures are calculated using the actual live births that took place during the period 12-35 months before the survey date. 
